Parallel algorithms for solving linear equations using Givens transformations  by Head-Gordon, M. & Piela, P.
PARALLEL ALGORITHMS FOR SOLVING 
LINEAR EQUATIONS USING GIVENS 
TRANSFORMATIONS 
M. HEAD-G• RDON~ and P. PIELA~ 
(Submitted J4tuuzrg 1 Q86) 
Communicated by G. J. Fix 
Abstract-The use of the Givens method to solve linear equations on a parallel computer 
is reviewed, and a new alogrithm which require8 fewer time step in the infinite proceeaor 
case is presented. 
1. INTRODUCTORY REVIEW 
This paper is a discussion of the use of Givens transformations to solve systems of linear 
equations on massively parallel computers. After a brief review of Givens transformations 
in this section, a new parallel algorithm is presented in Section 2, and compared with 
the existing algorithm of Sameh and Kuck [l]. 
A serial algorithm to solve an augmented matrix using a series of Givens transforma- 
tions might typically proceed as follows: 
(1) row 1 is used to successively rotate to zero all elements in column 1 
below the diagonal; 
(2) row 2 is used to successively zero all elements below the diagonal in 
column 2; 
(3) this process is continued until the matrix is triangularized and can then 
be solved by back-substitution. 
This algorithm is intrinsically serial because new rotations usually require the modified 
row generated by the previous rotation, so that only one can be done at a time. On serial 
computers, the Givens method is generally only competitive with conventional equation 
solvers when the coefficient matrix is sparse. 
2. THE GIVENS METHOD 
IN THE PARALLEL SETTING 
The Givens method is of interest in parallel computing because pivoting which can 
dominate parallel Gauss-Jordan and Gaussian elimination algorithms [4] is not required. 
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But standard typesetting conventions usually align equations only when they are not 
separated by text.) 
In order to compare the rayleigh quotients for problems (18) and (19), we need to 
estimate Ih(z, z)/A(&a, l&z). We have 
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for h sufficiently small. Here we have used equation (25), the triangle inequality and the 
identity (24) of Polya [7] below. From equation (28), we have the estimate 
(29) 
Acknowle&nentr-The authors wish to acknowledge the support of the U.S. Army Missile Command 
(under Contract DAAHOl-84 89) in thin research and the encouragement of Dean I. Price and Professor 
R. Skranciur of Boston University. 
REFERENCES 
1. J. R. Dormand and P. 3. Prince, A family of embedded Runge-Kutta formulae, J. Cornput. appl. Math. 
6 (1) (1980), 19-26. 
10. A. Ralrton and P. Rabinowitc, A Firat Courrc in Numetical Anelytia, 2nd edn., McGraw-Hill, London, 
1978. 
